Water-distilled essential oils from leaves of Hymenocrater yazdianus Rech.f., flowers of Stachys obtusicrena Boiss., and stems and flowers of Nepeta asterotricha Rech.f., which are endemic to Iran, were analyzed by GC and GC/MS. Fifty-five components of the leaf oil of H. yazdianus were characterized, representing 95.1% of the total components detected. The major constituents were identified as 1,8-cineole (17.6%), β-caryophyllene (13.9%), α-pinene (10.6%) and caryophyllene oxide (10.4%). Germacrene-D (37.5%) and α-bisabolol (23.5%) were the main components among the twenty constituents characterized in the flower oil of S. obtusicrena, representing 90.8% of the total components detected. Thirty-five compounds representing 93.0% of the stem oil of N. asterotrica were identified among which terpinen-4-ol (22.8%) and γ-terpinene (14.1%) were the major ones. The flower oil of the species was characterized by higher amounts of terpinen-4-ol (24.8%), 4aα, 7aβ-nepetalactone (18.2%) and 1,8-cineole (11.6%) among the thirty-three components comprising 98.5% of the total oil detected.
Nine species of Hymenocrater are found in Iran, of which H. yazdianus is endemic [1, 2] . Hymenocrater spp. are low shrubs and perennial herbs [3] . There are few reports on the essential oils content of members of this genus [4, 5] .
The genus Stachys comprises more than 270 species and is considered one of the largest genera of the family Lamiaceae. In Iran, 34 species are present, among which 13 are endemic [1, 2] . Species of this genus have long been applied in folk medicine to treat genital tumors, sclerosis of the spleen, inflammatory tumors, cough and ulcers and infected wounds [6] . In recent years, investigations on different taxa of this genus have shown that extracts or components of Stachys species exert various pharmacological effects: anti-inflammatory [7] , antitoxic, antibacterial, antioxidant [8] and cytotoxic [9] . Like many other representatives of the family Lamiaceae, Stachys species produce essential oils, but in spite of the large size of this genus, the composition of the volatile compounds is known only for a small number of species [4b,8b,10-13]. There are some differences amongst Stachys taxa, indicating the existence of chemical polymorphism.
The genus Nepeta comprises about 300 species, widely distributed in Eurasia. In Iran, 67 species have been identified, growing in nearly all parts of country, and about 39 species are endemic [1, 2] . Nepeta species have been used for medicinal purposes [14, 15] . Many are used in folk medicine as bacteriostatics and disinfectants, as well as against eczema-type skin disorders [16] . In this work, we report the analysis of the essential oils of the leaves of Hymenocrater yazdianus, flowers of Stachys obtusicrena, stems and flowers of Nepeta asterotricha, all found growning wild in Iran. The composition of the essential oils of leaves of H. yazdianus, flowers of S. obtusicrena and stems and flowers of N. asterotricha are listed in Tables 1, 2 and 3, respectively. The leaf oil of H. yazdianus consists of twelve monoterpene hydrocarbons (28.3%), twelve oxygenated monoterpenes (24.0%), eighteen sesquiterpene hydrocarbons (28.8%), two oxygenated sesquiterpenes (11.2%) and five aliphatic compounds (0.7%). 1,8-Cineole (17.6%), βcaryophyllene (13.9%), α-pinene (10.6%) and caryophyllene oxide (10.4%) were the major compounds in this oil, followed by βpinene (6.8%) and α-copaene (4.1%). Previously, we reported the composition of essential oils from aerial parts of H. calycinus collected from three different locations in Iran. α-Pinene (10.5%) and sabinene (10.5%) were the major constituents of sample A, spathulenol (35.4%) and abietatriene (13.4%) of sample B, and βcaryophyllene (32.8%) and caryophyllene oxide (16.1%) of sample C [4a] . Recently, we reported on the essential oils of H. elegans and H. platystegivs. The major components of the oil of H. elegans were spathulenol (49.5%) and caryophyllene oxide (12.9%) [4b].
The water-distilled oil obtained from the aerial parts of N. asterotricha has been the subject of our previous studies. Fifteen compounds comprising about 98.0% of the oil were identified, among which were monoterpene hydrocarbons and oxygenated monoterpenes. The major components were terpinen-4-ol (22.8%), NPC Natural Product Communications 2012 Vol. 7 No. 1 117 -120 Germacrene D (37.5%) and α-bisabolol (23.5%) were the major components of this oil. As can be seen from the above information, in the flower oil of S. obtusicrena, sesquiterpenes (82.9%) predominated over monoterpenes (3.1%). The water-distilled oil obtained from the aerial parts of S. obtusicrene collected from Chadegan, province of Isfahan has been the subject of our previous studies. Nineteen compounds representing 90.0% of the total components were detected in the oil. The major compound was α-pinene (34.6%), followed by germacrene D (8.0%), bicyclogermacrene (7.8%) and β-caryophyllene (6.2%) [11] . a retention indices as determined on a DB-5 column using a homologous serious of n-alkanes [21] , S. sylvatica [22] , S. schtschegleevii, S. balansae [23] , S. pubesens [24] , S. turcomanica [4b] and S. multicaulis [11] , Essential oils of three Iranian plants Natural Product Communications Vol. 7 (1) 2012 119 IZ-Inhibition zone (mm), MIC-Minimum Inhibitory Concentration (µg/mL), Gram (+) Zone Sensitive ≥21 mm, Gram (-) Sensitive ≥20 mm revealed them to contain germacrene D as the one major component. The dominant compounds in the oil of S. asterocalyx were α-bisabolol (25.1%) and linalool (18.0%) [11] . Thirty-four components, representing 91.3%, and twenty-nine components, representing 89.1% of the stem and flower oils of N. asterotricha were identified. The major component of the stem and flower oils was terpinen-4-ol (22.8% and 27.7%, respectively). The other notable compounds in the stem and flower oils of the plant were γterpinene (14.1% and 8.1%, respectively) and 1,8-cineole (6.7% and 14.6%, respectively). As can be seen from the above information, the total monoterpene fraction in the stem and flower oil of the plant formed 83.6% and 87.5% of the total, and the sesquiterpene fraction 0.9% and 1.6%, respectively.
The main components found in Nepeta oils of Iranian origin were αpinene [26] , viridiflorol [27] , spathulenol [28] , β-caryophyllene [29] , linalool acetate, linalool [30] , 1,8-cineole [30] [31] [32] [33] and nepetalactones [31, 32, 34] .
The antibacterial activities of the oils from leaves of H. yazdianus, flowers of S. obtusicrena, and stems and flowers of N. asterotricha were determined against seven Gram-positive and Gram-negative bacteria; the results are presented in 
Isolation of oils:
Leaves (120 g) of H. yazdianus, flowers (100 g) of S. obtusicrena, and stems (120 g) and flowers (90 g) of N. asterotrica were separately subjected to hydrodistillation using a Clevenger-type apparatus for 3 h. After decanting and drying of the oils over anhydrous sodium sulfate, the corresponding oils were isolated in yields at 0.7%, 0.4%, 1.3% and 0.5% (w/w), respectively.
Analysis: GC analysis was performed on a Shimadzu 15A gas chromatograph equipped with a split/splitless injector (250ºC) and a flame ionization detector (250ºC). Nitrogen was used as carrier gas (1mL/min) and the capillary column used was a DB-5 (50 m x 0.2 mm, film thickness 0.32 μm). The column temperature was kept at 60ºC for 3 min and then heated to 220ºC with a 5ºC/min rate and kept constant at 220ºC for 5 min. Relative percentage amounts were calculated from the peak area using a Shimadzu C-R4A Chromatopac, without the use of correction factors.
GC/MS: GC-MS analysis was performed using a Hewlett-Packard 5973 with a HP-5MS column (30 m x 0.25 mm, film thickness 0.25 μm). The column temperature was kept at 60ºC for 3 min and programmed to 220ºC at a rate of 5ºC/min and kept constant at 220ºC/min for 5 min. The injector and GC/MS interphase were maintained at 270ºC. The flow rate of helium, as carrier gas, was 1 mL/min. The ionization voltage was 70 ev and the ion source temperature was 250ºC. The mass range (m/z) was 33-350 at a speed of 2.8 scan/s. The retention indices for all the components were determined according to the Van Den Dool method, using nalkanes as standards. The compounds were identified (RRI, DB5) by comparison with data reported in the literature and by comparison of their MS with either the Wiley library or with published MS [35] .
